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铜电化学沉积在微孔金属化中的应用
杨防祖* 吴伟刚 田中群 周绍民
(厦门大学化学化工学院, 固体表面物理化学国家重点实验室, 福建 厦门 361005)
摘要: 以分布有微孔的印刷线路板(PCB)作为模板, 按照PCB孔金属化工艺路线, 研究乙醛酸化学镀铜和柠
檬酸盐体系铜电沉积工艺在PCB微孔金属化中的应用. 结果表明, 乙醛酸化学镀铜和柠檬酸盐体系电沉积铜
可以成功地应用于PCB微孔金属化加工工艺中. 微孔化学镀铜金属化导电处理后, 铜附着于微孔内壁, 颗粒细
小, 但排列疏松且局部区域发生漏镀现象. 微孔一经电镀铜加厚, 镀层电阻显著下降; 孔壁内外的铜沉积速率达
到0.8:1.0; 铜颗粒具有一定的侧向生长能力, 能够完全覆盖化学镀铜时产生的微小漏镀区域; 微孔内壁铜镀层
连续、结构致密并紧密附着于内壁, 大大增强了PCB上下层互连的导电性能.
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Abstract: According to established routes for the microporous metallization of printed circuit boards
(PCB), electroless copper plating using glyoxylic acid as a reducing agent and copper electroplating in a
citrate bath were used for microporous metallization with PCB distributing micropores as a template. The
results show that electroless copper plating using glyoxylic acid as a reducing agent and copper
electroplating in a citrate bath can be successfully applied to the microporous metallization of PCB. After an
electric conducting treatment of the micropores by electroless copper plating the copper deposited as fine
grains and attached to the inner walls of the micropores. The copper deposit was also found in the loose
grain arrangement and the leak plating area. Immediately after thickening treatment by copper
electroplating, the resistance toward the copper coating of the inner wall decreased notably. The ratio of the
copper electroplating rates at the inner and outer micropores was found to be 0.8:1.0. The copper
electrodeposit fully covered the surface of the inner wall including the leak plating area, which means that
the electroplated copper grains have a certain sideway growing ability. The copper coating on the inner wall
was continuous, compact, and adhesive. This coating highly enhanced the conductivity of the
interconnected PCB.
Key Words: Micropore; Electroless copper plating; Copper electroplating; Metallization;
Printed circuit board
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PCB微孔材料: 酚醛树脂电路板, 大小为3 cm×
3 cm. 板表面覆盖一层铜膜, 厚度约为 30 μm; 板表
面也分布微孔, 孔径为570 μm, 深度为1660 μm.
乙醛酸化学镀铜液基本组成及工作条件: 硫酸
铜 28 g·L-1, 乙二胺四乙酸二钠 32 g·L-1, 乙醛酸
12.6 g·L-1, 氢氧化钾 26 g·L-1, α,αʹ-联吡啶 10 mg·
L-1, 亚铁氰化钾 10 mg·L-1. 用 KOH 溶液调节镀液




件: 氯化铜 16.1 g·L-1, 柠檬酸钾 76.6 g·L-1, 氯化钾
28 g·L-1, 氢氧化钾 16 g·L-1, 硼酸 30 g·L-1; pH 值
7.0-8.5, 温度 45 °C, 镀液机械搅拌, 沉积电流密度











加厚的 PCB微孔中, 静置待其凝固. 凝固后的样品
首先在较粗的金相砂纸(3#)上打磨, 露出微孔截面,




进行微蚀. 微蚀液的组成与工作条件为: 10 mL·L-1





氏硬度), 负荷: 100 g, 负荷时间: 10 s. 利用江苏常州
市同惠电子有限公司生产的TH2512B四探针型智
能直流电阻测试仪测定印刷电路板表面和通孔镀





前期的乙醛酸化学镀铜研究 10,12 表明, 30-





层电阻率与镀液温度和 pH 值有关, 在 50 °C, pH=
12.5 下所得镀层的电阻率为 2.4 μΩ·cm. 它比纯铜
的标准电阻率(1.63 μΩ·cm)要大, 22 却小于甲醛化学
镀铜镀层的电阻率3.06 μΩ·cm.23 因此, 研发的乙醛
酸化学镀铜工艺可以用于替代甲醛化学镀铜, 进行
PCB孔金属化过程研究.
本实验中, PCB通孔的深度为1660 μm, 直径为
570 μm, 厚径比接近 3:1. 化学镀铜后, PCB 微孔正
面和截面、孔壁及孔壁漏镀区域的形貌如图1所示.
















统的应用中, XPS 研究结果表明, 镀层内部为单质







Fig.1 Morphologies of PCB micropores at the front face
and cross section (a), microporous wall (b) and its local
zone without deposit (c) after copper electroless plating
图2 电沉积铜50 min后, PCB微孔截面(a)、孔壁(b)及
孔壁边沿(c)镀层形貌图
Fig.2 Morphologies of the coatings at the cross section
(a), wall (b), and edge (c) of the PCB micropores after
copper electrodeposition for 50 min
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图 3 和图 4 分别为化学镀铜导电化处理后, 不
同电沉积时间下 PCB外表面与孔壁内铜镀层的形










图 5为经过化学镀铜 30 min、再分别进行电沉









工中, 在局部会产生很大的热量, 软化树脂, 使得微
孔内壁表面状态不均匀(活性点位不均匀)和不平整
并产生钻污, 导致化学镀铜和加厚铜镀层不够光滑
和平整. 此外, 铜层紧密地附着于微孔内壁, 说明铜
层与微孔孔壁结合力优良.
随着铜电沉积时间延长, PCB表面和孔壁镀层
厚度增加. 电沉积 50 min 后, 表面镀层增厚 10.0
μm, 孔壁镀层增厚 7.73 μm. 表 1平均沉积速率的计
算结果表明, 在 PCB微孔的厚径比接近 3:1的条件
下, 表面和孔壁镀层的平均沉积速率相当接近(表







Fig.3 Morphologies of the copper coatings on the PCB outer surface at different electrodeposition time after
electroless copper plating
t/min: (a) 0, (b) 10, (c) 25, (d) 50
图4 化学镀铜后不同电沉积时间下PCB微孔内铜镀层形貌
Fig.4 Morphologies of the copper coatings on the microporous wall of the PCB at different
electrodeposition time after electroless copper plating





度高.24 铜镀层的硬度和电阻测试结果列于表 2. 结
果表明, 随着电沉积时间延长, 线路板表面铜镀层
的硬度逐渐提高并趋于一稳定值. 因为PCB基体本




Fig.5 Thickness of the copper coatings on the microporous inner wall and outer surface of the PCB at different
electrodeposition time
t/min: (a) 0, (b) 10, (c) 25, (d) 50
表1 不同电沉积时间下PCB外表面和孔壁内镀层的厚度及沉积速率
Table 1 Deposition rate and thickness of the deposits on the outer surface and
microporous inner wall of the PCB at different electrodeposition time
2-1* represents the ratio of coating thickness difference to the electrodeposition time, and so on.
















































Table 2 Microhardness (Hv) and resistance (R) of the copper deposit on the outer surface and
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